Introduction studies indicate that dietary supplement use is more prevalent among female, middle-aged or older, non-Hispanic whites who have higher incomes, are more educated, do not smoke, are of normal weight, drink alcohol in moderation, exercise regularly, consume fruit and vegetables, and eat a high-fiber, low-fat diet (1, 3, (5) (6) (7) (8) (9) . Psychosocial determinants of supplement use include concerns about dietary deficiencies, readiness to engage in preventive behaviors, and health status (10) .
The efficacy of dietary supplements in the prevention and treatment of disease remains equivocal (11) . However, their widespread use warrants a deeper understanding of which population subgroups are more or less likely to use them. This information can be used either to encourage use of supplements found to be safe and effective or discourage use of products found to be ineffective and/or harmful. Studies are therefore needed to establish how dietary supplement use covaries with multiple health behaviors and how these patterns vary among population subgroups defined by sociodemographics or other characteristics that may be targeted by behavioral interventions.
The purpose of this article is to explore population subgroups that are more and less likely to report dietary supplement use using a relatively novel statistical technique, signal detection methodology (SDM). 16 SDM can be a useful means for exploring relations among variables in large datasets such as that used for the present analyses. The population used for this study draws on 7 diverse samples participating in interventions associated with the Behavior Change Consortium (BCC), which is a collaborative group of 15 different behavior change intervention studies (12) . None of the 7 studies represented in these analyses specifically encouraged or discouraged dietary supplement use.
Methods
Sample population. The data for this study are drawn from 2887 participants from 7 NIH-funded health behavior intervention research sites participating in the Nutrition Working Group (NWG) of the BCC (12) . The 7 sites include Emory University, Harvard School of Public Health (HSPH), the Illinois Institute of Technology (IIT), Oregon Health & Science University (OHSU), the Oregon Research Institute (ORI), the University of Rochester (ROC), and the University of Rhode Island (URI). Details about the BCC, the individual study populations, recruitment, and the designs of the 7 intervention trials are described elsewhere in this supplement (13) . The starting sample for the present analyses comprised 2539 participants with complete baseline data for any dietary supplement use, gender, and age.
Dietary supplement measures. Selection of measures of dietary supplement behavior varied by site; choice of measure depended on the study population, goals, setting, and the feasibility of including additional measures in existing evaluation protocols. HSPH queried supplement use via a single item: ''On average, how many days a week do you take multivitamins?'' Responses were closed-ended and ranged from ''Never'' to ''7 d a week.'' Emory also used a single item: ''During the past year, have you taken any vitamins or mineral supplements?'' Response options consisted of ''Yes, fairly regularly,'' ''Yes, but not regularly,'' and ''No.'' The remaining 5 of the 7 sites collected dietary supplement data using 1 of 2 longer questionnaire formats, Form A and Form B. Both forms contained questions about multivitamin use, questions about 3 specific vitamins/ minerals/nutrients, a checklist of 19 additional supplements, and 1 openended item about dietary supplement use. Form A also included 3 additional questions about specific vitamins/minerals/nutrients and an open-ended vitamin supplement question. Form B, which was validated in the IIT population (14) , included 9 additional questions about specific vitamins/minerals/nutrients and assessed usual dose per day. ROC and URI used Form A, and OHSU and IIT used Form B. ORI used a modified version of Form B and assessed number of pills per week and dose by interview. With the exception of 1 vitamin, which was queried as ''take niacin/nicotinic acid such as niacin or Niaspan?'' all vitamin, mineral, and nutrient use was queried in the longer forms either specifically (e.g., ''Do you currently take a b-carotene supplement?'') or generally (e.g., ''Do you currently take other nonvitamin supplement?''). Participants were coded as having no dietary supplement use if they answered ''No'' to the single global item for HSPH and Emory or to all of the dietary supplement use questions on Forms A or Form B for ROC and URI and OHSU, IIT, and ORI, respectively. If participants answered ''Yes'' to any of the dietary supplement questions, they were coded as using dietary supplements.
Other measures. Other measures include a 19-item National Cancer Institute (NCI) fruit and vegetable screener (FVS) (15) used in all 7 sites and a 16-item NCI percentage energy from fat screener (PFat) (16) administered in 6 sites. The FVS queried frequency of usual consumption of 10 categories of fruits and vegetables over the prior month (17) . Portion sizes were asked for 9 items: 100% juice, fruit, lettuce salad, French fries/ fried potatoes, other white potatoes, cooked dried beans, other vegetables, tomato sauce, and vegetable soups. A single item asking the frequency of consuming ''mixtures that included vegetables'' was not included in calculating fruit and vegetable intake levels. The FVS screener estimates daily servings of fruits and vegetables using the 1998 USDA Food Guide Pyramid defined servings (18) . The PFat screener asks about usual consumption practices in the past 12 mo. Frequency of intake is asked for 15 food groups that were selected in earlier analyses to optimally predict intake of percentage energy from fat. Portion size is not explicitly asked as part of the PFat screener; however, the scoring algorithms assign gender-and age-specific median portion sizes in grams to each food group asked. Individual percentage energy from fat is estimated based on frequency responses, assigned portion size, and gender-specific regression coefficients relating intake of each food group to percentage energy from fat. The performance of both the FVS and PFat screeners at baseline varied by site and gender. Deattenuated Pearson correlation coefficients for the PFat and true intake (as estimated from 24-h dietary recall assessments (24HR) using a measurement error model) were significantly different from 0 (P , 0.05) for men and women in all sites, ranging from 0.52 to 0.77 among men and 0.36 to 0.59 among women. At baseline, the FVS significantly (P , 0.05) overestimated intake at 2 of 4 sites for men and all 4 sites for women. Correlations between the 24HR data and the FVS by site ranged from 0.31 (P ¼ 0.07) to 0.47 (P , 0.01) in men and from 0.43 to 0.63 (P , 0.01) in women. Additional details on the development, scoring, and testing of the FVS and PFat screeners can be found elsewhere (15, 17, 19, 20) .
Other variables assessed across all 7 sites included race and ethnicity, BMI, smoking status (smoker/nonsmoker), age, educational status, income level, employment status, gender, and marital status. Most of these measures are described elsewhere in this supplement (13) . In addition, physical activity was measured using a stage of change measure (21) across all 7 sites. Participants were coded as being in 1 of 5 categories: precontemplation, contemplation, preparation, action, or maintenance stages of change for physical activity.
Statistical procedures. SDM (22) was used to identify the 2 groups of dietary supplement use (any supplement use vs. no supplement use). SDM has been previously used to delineate groups for cardiovascular disease risk (23, 24) , physical activity (25, 26) , weight status (27) , smoking cessation (28) (29) (30) , participation in an alcohol treatment program (31) , and achieving a low-fat diet (32) . SDM relies on receiver operating characteristic curves to identify nonoverlapping, homogeneous, and maximally differentiated groups on a designated dichotomous outcome (22, 27) .
The groups are defined through an iterative process of selecting the most discriminating cutpoint of the most discriminating indicator variable until preset stopping rules are satisfied (22) . SDM is an exploratory method, the results of which should be empirically explored through confirmatory procedures. However, groups identified using SDM have been validated in prior research (26, 33) . SDM is capable of identifying higher-order interactions that might go unnoticed or be uninterpretable via other methods (22, 24, 27) . SDM is also a nonparametric procedure and, as such, does not require linearity between variables or a normal distribution and is only minimally impacted by multicollinearity among indicator variables (22) . The datasets and variables used in the SDM analyses were prepared using SAS 9.1 for Windows (SAS Institute, Cary, NC, 2002 NC, -2003 .
An exploratory SDM model analyzed use of any supplements among a randomly selected subsample comprising half of the original sample (n ¼ 1268). The exploratory model included the following indicator variables: physical activity stage of change, dietary fat intake, fruit and vegetable consumption, smoking status, and BMI. These predictors represented all available baseline indicators of health behaviors from the cross-site BCC dataset. The exploratory model was prepared as single datasets in SAS and converted to text files for use with the ROC4 SDM software (Department of Veterans Affairs, Mental Illness Research, Education, and Clinical Centers, 2002). The sensitivity and specificity of an SDM test (signified as r) range from 0 to 1 and can be adjusted to match the goals of the analysis by prioritizing the minimization of false positives (r ¼ 0), prioritizing the minimization of false negatives (r ¼ 1), or balancing the risk of incurring either type of error for maximum efficiency (r ¼ 0.5) (23, 28) . The sensitivity/specificity ratio was set to r ¼ 0.5 for these analyses to evenly balance the risk of incurring type I or type II errors and maximize efficiency. Because the ROC4 program produces a maximum of 3 levels of splitting per run, all models were run using subsets of the data, as necessary, until terminal groups were achieved. Terminal groups were reached when a group contained fewer than 50 subjects and/or the significance level of the multiple testing increased above P , 0.01.
In replicating procedures conducted by Atienza et al. (26) in prior research, the parameters characterizing the exploratory groups were applied to the reserved, confirmatory sample (n ¼ 1271) to create groups in the confirmatory sample with the same characteristics as those identified in the exploratory sample. Any supplement use was calculated for the confirmatory groups, and the percentages of any supplement use were compared between comparable exploratory and confirmatory groups using x 2 analyses to explore the generalizability of the exploratory model.
Using the group parameters identified in the exploratory SDM analysis, sociodemographic and select 24HR variables were compared across comparably defined groups from the entire sample (n ¼ 2539) to further define potential group differences. The x 2 tests of homogeneity and 1-way ANOVA analyses were used to determine whether significant differences existed among groups.
Results
Sample population. The study sample consisted of 2539 participants and is described in Table 1 . The overall rate of dietary supplement use in the sample was 62.9% (not shown in Table 1 ). Most participants were middle-aged, female, married or living with a partner, employed full-time, white or African American, and had a high school education or higher.
The exploratory SDM model contained a random sample of 1268 participants from the complete sample and identified 6 groups (Fig. 1) . In this model, the nonsmoking groups have higher rates of any supplement use than the smoking groups. Group B has the highest level of any supplement use at 86.7%. This group is composed of nonsmokers who consumed ;7.1-10.0 servings of fruit and vegetables per day. Group C has the next-highest supplement use at 67.4%. The members of Group C are nonsmokers who consumed 10.0 or more servings of fruit and vegetables per day. The last nonsmoking group, Group A, has a supplement use of 64.1%. Group A is characterized by a reported fruit and vegetable intake of ,7.1 servings per day. Of the 3 smoking groups, Group D has the highest supplement use rate at 50.5%. Group D is comprised of smokers who consumed ,32.6% of their daily energy from fat. Group F has a supplement use rate of 46.7%. This group is composed of smokers who consumed 32.6% or more of their daily energy from fat and 4.7 or more servings of fruit and vegetables per day. The lowest supplement use is found within Group E at 23.2%. The members of Group E are smokers who consumed 32.6% or more of their daily energy from fat and ,4.7 servings of fruit and vegetables per day. The percentages of any supplement use within the comparable exploratory and confirmatory groups are listed in Table 2 . Group B displays significantly different rates of dietary supplement use between the exploratory and confirmatory groups at 86.7% and 76.8%, respectively (P ¼ 0.05). However, the rates of any supplement use were not significantly different between remaining 5 pairs of exploratory and confirmatory groups.
Replicating procedures used by Atienza et al. (26) , the defining parameters for Groups A-F in the exploratory model were applied to form comparable groups in the entire sample (n ¼ 2539). These groups are presented in Table 3 . As expected, any supplement use rates between the exploratory whole sample groups are quite comparable, with nonsmoking groups reporting the highest supplement use rates. Group A is the largest group and comprises almost half of the sample. Site affiliation by group is generally variable across the groups, although there are no participants from ROC in groups A-C or from IIT in groups D-F. Group C has a significantly higher percentage of members who report being the maintenance stage of physical activity (51.3%) when compared with the other groups, which range from 21.2% to 39.8%. Mean BMI also varies significantly across groups and is highest for Group C, despite that group's higher level of self-reported engagement in regular physical activity. Groups B and C tend to be the oldest with a mean age of 52.6 y. Group E is the youngest group at 40.6 y. The members of Group E are the least likely to have a college or graduate degree (17.4%). Group C has the highest education level, with 36.4% of members reporting a college or graduate degree. Approximately one-third of the members of Groups B and C are retired. In contrast, the members of Groups A, D, E, and F are most likely to be working full-time. About 40% of Groups A and C consist of African Americans, although whites comprise the majority racial and ethnic affiliation for all 6 groups. The members of all groups are likely to be married or living with a partner, and, with the exception of Group E at 47.1%, all of the groups are predominantly female.
Discussion
An exploratory SDM analysis using a random subsample of half of the participants in 7 research sites across the United States yielded 6 groups with unique behavioral and sociodemographic profiles. Among the 6 groups identified, there is a general pattern of any level of dietary supplement use among groups with more healthy behaviors. Dietary supplement use is most frequent among nonsmokers with moderate fruit and vegetable consumption intake (Group B, 86.7%) and lowest among smokers with lower fruit and vegetable consumption and higher dietary fat intake (Group E, 23.2%). Among nonsmokers, supplement use is more likely among those reporting moderate-to-high fruit and vegetable consumption (Groups B and C) than among those reporting intake of ,7.1 servings of fruit and vegetables per day (Group A). Within smokers, groups with lower dietary fat intake (Group D) reported more frequent dietary supplement use than those consuming .32% of energy from fat (Groups E and F). However, when the results from Figure 1 are combined with the descriptive patterns in Table 3 , this general pattern of associa- tion among health behaviors is not consistent across all variables. Nonsmokers (Groups A-C) are more likely to use supplements than smokers (Groups D-F). But, among nonsmokers, persons consuming a moderate amount of fruit and vegetables (Group B) are more likely to use supplements than those consuming a large amount of fruit and vegetables (Group C). And, although the members of Group D smoke, they report relatively lower fat intake and more than 5 servings of fruit and vegetables per day. Similarly, Group F is characterized by smokers with a higher dietary fat intake and a mean fruit and vegetable consumption of 9.7 servings per day. Prior studies have documented associations among healthy behaviors such as not smoking, low fat intake, high fruit and vegetable consumption, high fiber intake, and regular exercise with higher dietary supplement use (1, 3, (5) (6) (7) (8) (9) . In these analyses, dietary supplement intake is generally related to engagement in other healthy behaviors, but this is not always the case. Inconsistent relations were found among these variables when they were combined and studied in tandem as indicators of dietary supplement use. These findings suggest that, for some participants, supplement use may represent a compensatory behavior for other, less healthy lifestyle choices. A supplement use rate of over 45% was associated with a mixed profile of healthy and unhealthy behaviors for 2 of the 6 groups (Groups D and F). And, even among the groups evincing the least healthy behavioral combination, Group E, over 23% of participants reported dietary supplement use. The members of these groups may be consciously compensating for engaging in unhealthy behaviors by actively pursuing other, healthier behaviors such as higher fruit and vegetable intake, regular physical activity, or dietary supplementation. In a cluster analysis of health lifestyle behaviors, Maibach et al. (34) identified a cluster of smokers who, aside from their smoking, appear to be consciously trying to live a healthy lifestyle. In our analyses, some participants may be including supplement use to compensate for other less healthy behaviors such as smoking, lack of exercise, or low fruit and vegetable consumption. This compensation dynamic may be influenced by the fact that our sample was drawn entirely from participants enrolling in health promotion interventions. Thus, this sample may be more predisposed to healthy behaviors, even 2 Differences among all groups using x 2 or ANOVA tests of homogeneity are statistically significant at P # 0.0001. 3 Differences among all groups using x 2 tests of homogeneity are statistically significant at P ¼ 0.005.
among smokers, for example, who might be more ready to quit (and therefore more likely to engage in other health-promoting behaviors) than smokers from the general population. Thus, our results may be more applicable to individuals interested in changing health behaviors. This study has several limitations. For one, dietary supplement use was inconsistently measured across the 7 study sites. Two sites used single-item measures, and 5 sites used checklist forms. Within these 2 formats, there was additional variability in the wording and format of the items. The fact that dietary supplement use was reduced to a single binary variable may have reduced some of the measurement problems. However, by collapsing use into 2 levels, we also lost variability that may have enhanced our analyses. In addition, as noted earlier, SDM is an exploratory method, and any findings should be substantiated using confirmatory analytic procedures. SDM analyses can also produce small sample sizes when compared with starting sample sizes, so interpretations based on smaller subgroups in these analyses should be made with caution. Our findings may be confounded by the significant sample differences across study sites. For example, the lack of ROC and IIT participants from certain groups likely reflects the focus of the behavioral interventions from these sites on smoking cessation and cardiac risk reduction, respectively. Several of the sites consisted of behavior change interventions targeting populations with known health risks such as older age (URI), smoking (ROC), coronary artery disease (IIT), and diabetes with sedentary lifestyles and high-fat diets (ORI). Two of the sites focused on relatively healthy populations such as African Americans from local churches (Emory) and firefighters (OHSU). These differences may limit the generalizability of our findings.
Another weakness of this study is that analyses included behavioral data that were acquired through self-report. Further, this study also lacked a measure of actual physical activity and relied instead on physical activity stage of change. As a consequence, our findings may be subject to social desirability and measurement error biases. Another limitation is the absence of psychosocial variables such as social support, self-efficacy, or intrinsic motivation. Inclusion of these variables may have provided more informative findings related to future intervention development. Last, the SDM results presented use a stopping rule of P , 0.01, but some SDM practitioners recommend a more stringent stopping rule of P , 0.001. Because many of our cuts would have disappeared with a stopping rule of P , 0.001, we opted to use a stopping rule of P , 0.01 as a better demonstration of the types of results that can be found through an SDM analysis.
Despite these limitations, this study also has several strengths. First, the inclusion of a large and sociodemographically diverse sample may have enriched the findings. Second, this study exhibits the use of a relatively novel, empirical, hierarchical method for identifying groups with varying health behaviors. Although the efficacy of dietary supplement use remains equivocal, our findings demonstrate that SDM may be a useful method for generating hypotheses for future research on dietary supplement use and other nutrition-related behaviors. For example, the findings from this article may stimulate research on psychological predictors of supplement use. SDM may also be useful in identifying groups that may serve as audience segments for targeted or tailored health communication interventions either to encourage or to discourage dietary supplement use. For instance, if supplement use is found to be beneficial, low-use populations such as those represented in Group E might be targeted by an intervention encouraging supplement use. In addition, behavioral and sociodemographic group characteristics generated through SDM procedures may be utilized to increase message salience and credibility when designing behavioral intervention materials. Health communication specialists may use SDMgenerated data to craft individualized messages for tailored interventions. A tailored message that increases a participant's awareness of success in one health behavior, for instance, may assist him or her in building self-efficacy to address challenges in implementing another health behavior.
Our article contributes new knowledge about the relations among dietary supplement use, health behaviors, and sociodemographic characteristics not just by identifying correlates of supplement use, as has been done in numerous prior studies, but by identifying specific constellations of behaviors that exist among participants in health intervention studies. Prior studies on dietary supplement use have focused on a more limited set of determinants and do not account for multiple interactions among predictors.
The results of this study indicate that SDM may be a useful tool for exploring dietary data. These findings also suggest that dietary supplement users are heterogeneous and that different health communications messages may be required to reach and motivate different groups. A general motivation toward healthy living may also be capitalized on to support additional behavioral achievements. Health behaviors do not occur in isolation from one another, and this interconnectedness makes the task of impacting one behavior infinitely complex. But, by embracing this complexity, intervention researchers may find an unexpected ability to influence health behavior change as a synergistic system of interconnected acts and inspirations.
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